80,000-dalton precursor polypeptide and smaller viral products. In the present study, we demonstrate that, after microinjection of X. laevis oocytes with 60-70S AMV RNA or its 30-40S RNA subunits, a 76,000-dalton precursor polypeptide is synthesized and completely processed by a sequence of posttranslational cleavages into authentic virion structural proteins. Furthermore, the processing pattern of virus-specific polypeptides observed in injected oocytes is the same as that found in chick embryo fibroblasts infected with AMV. MATERIALS AND METHODS Purification of Virus and Preparation of Viral RNA. Plasma from leukemic chickens was clarified by centrifugation at 10,000 X g for 15 min at 30 and the virus was purified according to Bishop et al. (16) except that TNE (0.01 M Tris-HCI, pH 8.3/0.15 M NaCI/0.001 M EDTA) was used instead of Tris1HCl, pH 7.5.
High-molecular-weight 60-70S RNA was extracted by the proteinase K/phenol technique as described (17) . The 30-40S RNA subunits were obtained either by heating the 60-70S RNA solution (1 mg/ml in water) at 1000 for 3 min immediately before injection into oocytes or by heating RNA in an 85% formamide solution in TNE at 370 for 10 min (18) . After heating, RNA was precipitated twice in ethanol and redissolved in water at a concentration of 1 mg/ml.
Injection into Oocytes and Radioactive Labeling of Oocytes. X. laevls oocytes were injected each with 50 nl of a 1 mg/ml solution of either 60-70S or 30-40S AMV RNA. The injection procedure and the culture of oocytes have been described by Gurdon et al. (12) . The [3aS]Methionine-labeled AMV was prepared by incubation of confluent secondary cultures of infected chick embryo fibroblasts with 25 ,uCi of [35S~methionine per ml (400 Ci/mmol) in methionine-free Eagle's minimum essential medium supAbbreviations: AMV, avian myeloblastosis virus; NaDodSO4, sodium dodecyl sulfate. 3230
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plemented with 1% fetal calf serum. After 16 hr. the labeled medium was collected and replaced by complete medium and incubation was continued for 24 hr. Virus was purifie-tomipooled media as described above.
Conditions for fibroblast pulse-labeling and pulse-chase experiments were essentially as described by Vogt and Eisenman (1) .
Immune Precipitation and Polyacrylamide Gel Electrophoresis. Rabbit antiserum against AMV used in this study was prepared by repeated bimonthly injection of 500 ,g of Nonidet P40-disrupted AMV mixed with one volume of complete Freund's adjuvant. Rabbit monospecific antiserum against p27 was prepared as described (19) . Oocytes (200 Ml per oocyte) and chick embryo fibroblasts (2 ml per dish) were homogenized in ice-cold lysis buffer (0.02 M Tris-HCI, pH 7.4/0.05 M NaCl/ 0.5% Triton X-100/0.5% Na deoxycholate/0.1% methionine/ 150 tig of phenylmethylsulfonylfluoride per ml) and the lysates were centrifuged at 10,000 X g for 15 min at 2°. The supernatants were removed without disturbing the lipid phase and trichloroacetic acid-precipitable radioactivity was determined on 10-Mul aliquots. Immune precipitations were performed on aliquots containing the same amount of trichloroacetic acidprecipitable radioactivity from either injected and noninjected oocytes or infected and noninfected fibroblast lysates. Each reaction was run in a final volume of 800Wul containing a given volume of each lysate, 4 ug of unlabeled Nonidet P40-disrupted AMV, and 100 ul of antiserum against AMV or 50 Ml of monospecific antiserum against p27. After incubation for 2 hr at 370 and then overnight at 40, the immunoprecipitates were collected by centrifugation through a cushion of 1 M sucrose in lysis buffer, further washed by resuspension in lysis buffer, and then dissolved by boiling for 5 min in sample electrophoresis buffer (0.015 M Tris-HCl, pH 6.8/2% NaDodSO4/3% 2-mercaptoethanol/10% glycerol). After boiling, samples were submitted to electrophoresis on 15% sodium dodecyl sulfate (NaDodSO4)/polyacrylamide slab gels (20) . After staining and destaining, the gels were treated for fluorography as described by Laskey and Mills (21) .
RESULTS
Immunoprecipitation of AMV Proteins. Because protein synthesis directed by microinjected oncornaviral RNA represents but 5-10% of endogenous protein synthesis of X. laevts oocytes, immunoprecipitation with antisera of defined specificity is a prerequisite for detection of proteins coded for by oncornaviral RNA.
To test the specificity of the antisera that were used throughout this study, we used detergent-solubilized proteins obtained from [35S]methionine-labeled AMV produced in culture in a direct immunoprecipitation assay. The immunoprecipitated proteins were analyzed by NaDodSO4/polyacrylamide slab gel electrophoresis and fluorography of the dried gel.
The rabbit antiserum obtained after immunization with Nonidet P40-solubilized AMV precipitates 80-90% of [35S]-methionine-labeled AMV. Fig. 1 A and B shows that this antiserum is directed against the "group specific" antigens p27, p19, and pl5/pl2 (these two virion proteins are not separated on these gels). Such an antiserum does not precipitate the major AMV glycoprotein, as also observed by others (1). The antiserum directed against p27 is strictly monospecific (Fig. 1C) . (Fig. 1B) . Immunoprecipitates from microinjected and control oocytes, together with those of infected and noninfected chick embryo fibroblasts, were submitted to electrophoresis on the same NaDodSO4/polyacrylamide slab gel. Standard proteins of known molecular weight were run in parallel. Fig. 2 shows that injection of AMV RNA into oocytes directs the synthesis of at least 10 virus-specific polypeptides with molecular weights 76,000, 64,000, 56,000, 45,000, 42,000, 33,000, 30,000, 28,000, 21,500, and 17,500.
None of these components is detectable in control oocytes (Fig.  2, compare channels E and G). The patterns are both qualitatively and quantitatively similar regardless of whether the 60-70S AMV RNA aggregate (Fig. 2E) or its 30-40S RNA subunits (Fig. 2F) were microinjected. All these polypeptides comigrate with products that appear in AMV-infected chick embryo fibroblasts either after pulse-labeling for 5 min ( Fig.  2A , noninfected, and C, infected) or after labeling for 5 min RNA polymerase from Escherichia coli (subunits of 165,000, 155,000, and 39,000), phosphorylase a (94,000), bovine serum albumin (68,000), soybean trypsin inhibitor (21,500), and cytochrome c (11,700). and then chasing 1 hr (Fig. 2B, noninfected, and D, infected) . Three of these polypeptides, namely, those of 28,000, 21,500, and 17,500 daltons, comigrate with virion structural proteins p27, p19, and p15/p12 (Fig. 2H) In Fig. 3 (channel D), it can be seen that, after a 20-hr labeling period, most of the radioactivity is found in viral polypeptides of molecular weight 76,000, 64,000, and 56,000; some radioactivity is already detectable in virion polypeptides p28, p19, and pl5/pl2.
Incubation of oocytes in a medium containing an excess of unlabeled methionine leads to a progressive chase of radioac- tivity from high-molecular-weight viral products into virion polypeptides p28, p19, and pl5/pl2. After a 72-hr period of chase, almost all the radioactivity has disappeared from 76,000-molecular-weight protein (Fig. 3, channel F) .
Another proof of the specificity of the cleavage observed in injected oocytes comes from the results of immunoprecipitation with a monospecific antiserum directed against the major p27 structural internal virion protein (Fig. IC) . We compared the immunoprecipitates of pulse-chased homogenates from infected chick embryo fibroblasts or injected oocytes after precipitation by the polyvalent antiserum against AMV and by the monospecific antiserum against p27. Fig. 4 shows that, among the virion proteins, only the 28,000-dalton product is precipitated by the monospecific antiserum against p27 (channels D and E) whereas the polyvalent serum precipitates p27, p19, and p15/p12 (channels F and G). All the precursors precipitated by the antiserum against AMV are also precipitated by the monospecific antiserum against p27. Only the 33,000-dalton precursor product is precipitated to a lesser extent by the antiserum against p27; this fact is in good agreement with the observation of Vogt et al. (2) that this 33,000-dalton polypeptide is an intermediate in the generation of the p19 virion protein.
DISCUSSION
We have shown that injection of AMV RNA into frog oocytes induces the appearance of at least 10 labeled polypeptides in these cells. All these products comigrate in NaDodSO4/polyacrylamide gel electrophoresis with the virion proteins p27, p19, and pl5/pl2. Since (10) , we found that the cleavage mechanism is unchanged regardless of whether the 60-70S AMV RNA or its 30-40S RNA subunits produced by two kinds of denaturing conditions were microinjected.
Cleavage of high-molecular-weight precursor polypeptides seems to be a widespread mechanism for production of virion proteins of several nononcogenic (for review, see ref. 22 ) and oncogenic animal viruses (for review, see ref. 23) or bacterial viruses (24) . Such cleavages have also been described for the "group specific" antigens of avian, murine, and feline viruses (23) . The surface glycoprotein from murine viruses is also generated by proteolytic cleavage and further glycosylation of a higher-molecular-weight precursor glycoprotein (5). The enzyme(s) involved in cleavage of precursor polypeptides of oncornavirus virion proteins may involve viral coded enzyme(s) and/or cellular enzyme(s) normally present in the target cell or induced by viral infection. If the proteolytic enzyme(s) is coded for by the viral genome, our results imply that this enzyme is synthesized in frog oocytes after microinjection of viral RNA. On the other hand, it could be considered that posttranslational cleavage is a general metabolic process in eukaryotic cells both from the point of view of structural features of the proteins to be cleaved and specificity of the enzymes responsible for it. Thus, a cleavage enzyme(s) normally present in the frog cell may be responsible for the cleavage of Pr76 into virion proteins. However, Eisenman et al. (25) have shown that such an enzyme(s) is not present in a cell line derived from a tumor induced in a hamster by the Bryan high-titer strain of Rous sarcoma virus.
While this manuscript was being considered for publication a report was published which demonstrated that Pr76 synthesized in a cell-free extract of ascites cells under direction of the 30-40S RNA of Rous sarcoma virus can be processed into p27 and p12/plS virion proteins by added virion protein p15 (26) .
Generation of virion protein p19 was not found in these experiments. Since the primary structure of p15 is contained in Pr76 and since injected oocytes completely process Pr76 into all four major virion proteins, some other proteolytic activity than that enclosed in, or activated by, free p15 is expressed in injected oocytes. Whether this proteolytic activity is of viral or cellular origin remains to be determined.
The cleavage process observed in oocytes is much slower than that found in infected fibroblasts since the half-life of the 76,000-dalton precursor polypeptide is about 16 hr in oocytes compared to about 45 min in infected fibroblasts (2) . This could be explained by a lowering of enzyme activity due to temperature since oocytes are incubated at 20°instead of 370 for chick fibroblasts.
